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Put on your old tennis shoes, difisoand t-shirts! I time to get wet again with Rick
Hill and the Kentucky Department of Fish and Wildlife Resoutféesr years ago we
waded through the Stream Ecosystem; two years ago we dovkarBoy River Ecosystem;
this year we'll be wading and splashing in the Small Steewsystem.

Small streams are unique and fascinating. Each major river system may have hundreds
of feeder streams, and the animals in each oneWédme one species may be found in
only one watershed, other similar species could be found over several states. In this poster
all species selected are widely distributed spetias. allows several states to use the
poster for educational purposes.

A headwater stream is often envisioned as a trickle from a spring, a stream order 1,
with very few aquatic @anisms. Howevewvith warm water flowing from the ground,
this headwater stream may have many species in the vBeteaiuse we wanted to illus-
trate the yeaaround diversity of aquatic creatures, the stream depicted in the poster is a
stream order 2 or Ihat means two streams that initiated constant flow (order 1) flowed
together forming an order 2 stream or two 2 order streams intersected for an order 3.
stream depicted would be a shallawarrow stream with the deepest sections not more
than two or three feet deep at normawl@Vhile not quite a step across stream, one
could probably pick a narrow fié and cross with only one wet foot. HoweMeecause of
typically narrow flood plains, streams like this could also turn into raging currents with
just a few inches of rain in their watersheds.

Readers familiar with this poster series will note two things. First, the water depicted
in this poster is much clearer than previous positérms.illustrated stream would be clear
because it is depicted as a forested ecosystem and shows mainly a rocky igteame
size stream in an area of farmland could have water more clouded witlhsikecond
thing you may notice is the relative size of the depicted anifila¢se are much closer to
natural size, as the picture is of a much smaller aquatic resource.

The entire poster series and teacher guides have been created through funds from the
Sport Fish Restoration Prografhe goal is to educate all people on the imptance of
healthy aquatic systems and theirelationship to lifelong aquatic recreation. Each
section of this guide is intended to give you, the teacher or youth |&aderedge on the
given subject followed by activities.

To improve our Horts, please fill out the evaluation on the following page. If you
adapt other activities to this postplease include basic information and we can pass that
on to other teachers in the future. Please send all comments to:

Aquatic EducatioiCoordinator
Indiana Division of Fish and Wildlife
Natural Resources Education Center
5785 Glenn Rd.
Indianapolis, IN 46216
gdfishin@dnr.state.in.us



EVALATION

Name Average Age
Organization Fhone
Address email:

1.1 received my SmafBtream Ecosystem poster and teatshguide from the following source.

2.0n a scale of one to ten, please evaluate the poster in comparison to similar materials
you have received.

1 2 3 4 5 6 7 8 9 0]

3. What did you like most or least about the poster to rate it as you did?

4. How have you used this poster?

5. On a scale of one to ten please evaluate the tésaglide you received in comparison to other
similar products?

1 2 3 4 5 6 7 8 9 0]

6. What did you like most or least about the teacher's guide to rate it as you did?

7.What other aquatic related materials would you find useful in your class or youth group?

ADDITIONAL COMMENTS PLEASE INCLUDE HEREBNYACTIVITIES YOU
HAVE DEVELOPED FROM THIS POSTER

| REQUEST THE FOLLOWING:
Contact me witso FishIN training opportunities.
Place me on a mailing list for future materials.
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Damselfly

Boxelder

Yellow-throated warbler
Sycamore

Acadian flycatcher

Copes gray treefrog

Mayfly

Louisiana waterthrush
Southern two lined salamander

. Mink

. Spotted sandpiper
. Southern leopard frog
. Alderfly

. Queensnake

. Creek chub

. Striped shiner

. Longear sunfish

. Smallmouth bass (young)
. Alderfly larva

. Greenside darter

. Gilled snall

. Crayfish

. Damselfly larva

. Redfin shiner

. Green sunfish

. Johnny darter

. Caddisfly larva

. Bluntnose minnow
. Sowbug

. Fantail darter

. Central stoneroller
. Fingernail clam

. Scud

. Silverjaw minnow
. Rainbow darter

. Mayfly larva

. Brindled madtom

. Stonefly larva

clenuitic Names
Scientific Name

Agrion (Calopteryx) maculatum
Acer negundo
Dendroica dominica
Platanus occidentalis
Empidonax virescens
Hyla chrysoscelis
Rhithrogena

Seiurus motacilla
Eurycea cirrigera
Mustela vison

Acyitis macularia

Rana utricularia

Sialis

Regina septemvittata
Semotilus atromaculatus
Luxilus chrysocephalus
Lepomis megalotis
Micropterus dolomieui
Sialis

Etheostoma blennioides
Goniobasis

Cambarus

Agrion (Calopteryx) maculatum
Notropis umbratilis
Lepomis cyanellus
Etheostoma nigrum
Limnephilus

Pimephales notatus
Asellus

Etheostoma flabellare
Campostoma anomalum
Sphaerium

Hyalella

Ericymba buccata
Etheostoma caeruleum
Rhithrogena

Noturus miurus
Acroneuria



STREAM CENSUS:
WHO LIVES HERE?

In any giverwatershed the plants and animals that are found are de-
pendent on the surrounding land and corresponding land use. One stream
may originate from sheer granite with few nutrients added from the rock.
Another may have its beginnings from limestone springs with correspond-
ing rich diversity of life. A third stream could be found in or near fertile
farmland and receive abundant nutrients from those fields. Finally, in ur-
ban areas, streams may receive excess fertilizer from gardens and lawns.

There is a definite connection between water fertility l@odiversity
in the stream. Mountain streams receive runoff from rock walls that do not
lose nutrients to the water. Because plants need nutrients to grow, some
mountain streams are very low in numbers of plants and animals or species
diversity. The animals that live in these streams are primarily dependent on
food that falls into the water from other sources. Therefore, most of the
animals in these streams eat on large leaves (coarse particulate matter) or
arepredators on terrestrial insects that fall into the water. There are few
grazersbecause few plants grow for them to eat. Soatkectors (mus-
sels or insects) live in these conditions and eat the fine particulate matter
created by those eating the coarse material.

In watersheds with higher fertility, more aquatic plants grow, and the
diversity of grazers grows. In streams with overhanging vegetation, there
will still be plant and animal matter falling into the water, and animals will
be there to eat it. The diversity of collectors will most likely increase as
there are more animals munching on more diverse plants. With a higher
diversity of plant eaters, the predators in the stream will adapt to the avail-
ability of prey, and we would expect greater predator diversity. However,
because of the increase of all species, the percentage of predators remains
about the same.

This process continues as the water flows downstream into larger
streams and rivers. By the time the water reaches the big river regime,
such as the Tennessee, Ohio or Mississippi, the water is highly fertile, but
often laden with silt. While algae blooms are common, the sunlight can
not penetrate the cloudy water and plants seldom become rooted. There-
fore, with lower diversity of plants, there is a lower diversity of grazers. As
larger rivers are not covered by riverside vegetation, less plant material
falls directly into the water, and the percentage of animals that eat the
coarse material decreases. Therefore, the group with the greatest variety or
diversity in the big river ecosystem is the collector group.

The following pages illustrate the variation in stream life agea
grows. The first page shows the whole picture. Next we break down three
components: plants, invertebrates and fish, and provide an explanation of
the ecologocial processes with an accompanying picture. These pages
could be copied in transparencies. The three component pictures will build
the whole picture page when overlaid.
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PLANTS CONTRIBUTION IN THE WATERSHED

In stream order 1-3 streams, the primary plants that contribute to th
ecosystem are those on the banks of the stream. The leaves fall into tf

e
e

water along with the insects that eat these riparian plants. As there is lim-

ited fertility, there are few plants of any kind growing within the water.

In stream order 4-6 streams, fertility increases based on the natur
processes of decomposition within the stream and some input from h
man activity in the watershed. Therefore, more plants grow in the wal
These include phytoplankton and rooted vegetation. There is still con
erable input from plants growing in the riparian zone, especially in fof
ested regions.

In stream order 7-8 streams, creeks or rivers, the fertility continue
increase. As depth of the water increases there will be fewer rooted
plants. The phytoplankton will continue to increase in numbers. Cont
bution from those plants growing on the banks continues to decreass

proportionately due to the volume of the stream and human land use|i

the watershed.

A stream order 9-12 would be considered a river. In these rivers, th
depth and constant flow of water will inhibit rooted aquatic vegetation i
most cases. The primary producers are therefore phytoplankton. Thess
large rivers have great volumes of water and typically have wide flood
plains with intensive human land use. Therefore, there is usually very |
input from plants on the banks of the river.
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BIODIVERSITY OF INVERTEBRATES

In stream order 1-3 streams, the invertebrates are adapted to the fq
that is available. As the primary food is the leaves that fall into the wate
the first group of invertebrates that flourishes is shredders. They eat fr¢
the leaves and leave particles of dead plant material in the water for cg
tors, the second group that does well in
this stream region. There are a few
grazers and a few predators,
but the biodiversity is compa-
rably low for all invertebrates

In stream order 4-6
streams, the plants offer a
greater variety of food, and the
invertebrates adapt. There is a
higher percentage of grazers feed-
ing on those plants growing in the wa-
ter. Again the collectors will have a high variety of dead plant material i
the water and they will typically be well representgae number of shred-

ders will decrease proportionately. The number of predators will increase

somewhat, but as biodiverity of all invertebrates has increased, the prop
tion of predators will remain about the same.
In stream order 7-8 streams, creeks or rivers, the
grazers and collectors continue to dominate wit
slightly more collectors. This is primarily due
to the decrease of rooted vegetation. Shreq
ders continue to decrease and predators re
main constant in proportion.
A stream order 9-12 would be considere
a river. Here collectors are clearly dominant.
While there could be a few shredders and graz
ers, they would be much less evident in a given sample. Predators ag

would remain reasonably constant in their representative proportion.
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FISH THROUGRHOUT THE WATERSRHED

Fish are unique in the aquatic system in that they are capable of m
grating from one stream order to another, at least temporarily. The fish|de-
piction is a generalization, as fish could be found at different stream leyels
depending on circumstances.

In stream order 1-3 streams, the fish found would typically be the
smaller fish that feed on insects that fall into the stream or the dominant
aguatic invertebrates. The largest fish that would eat other fish would he
green sunfish or possibly small smallmouth bass. The other fish found |are
mostly considered predators, but eat the insects as prey. One exceptign
would be the stoneroller which feeds on algae when it grows in the
pebbles. These streams may be stocked with trout, and are easily wa
with a rare deep hole.

cally. There is a much wider food source available and fish adapt to it.
Many species from smaller streams continue to exist in these stream

stable or begins to decline slightly. A few of the fish, such as darters o
sunfish, from much smaller streams are still adaptable and can find a

with smallmouth and/or largemouth bass. As there are more mussels i
these waters, those fish that feed on them (drum) are also found. Som
these waterways could be wadable, especially in low water conditions, but
they usually have deeper stretches that would be unsafe for waders.

A stream order 9-12 would be considered a river. There is still a high
diversity of fish in the larger rivers. There are many fish in all guilds
(predators, collectors, or grazers) that are usually found only in the larger
rivers. However, many of the smaller fish such as darters, madtoms, apd
dace are not found in great diversity in these systems. These rivers are usu-
ally accessible for anglers from the shore or by boat only.

11



OTHER RELAIONSHIPS

There are several interesting relationships that are reflected in the
Small Sream Ecosystem postdihe stonerollers, shown in the lower cen-
ter of the postemove small stones around as they graze for algae or build
their nest. In so doing, many invertebrates are dislodged in the swift water
The silverjaw minnow is waiting nearby to eat the insects disturbed by the
stonerollers.

Thespawning behavior of the redfin shiner is somewhat similatht®
parasitic nestingbehavior of cowbirds. Redfin shiners are stimulated to
spawn by thenilt and ovarian secretions of the green sunfish phite
redfin shiners establish territories in the free flowing water above the nest.
There may be as many as 100 male shiners associated with one green sun-
fish nestWhen a female arrives, she and one dominant male lay and fertil-
ize the eggs above the nehe fertilized eggs drop into the silt-free nest
of the green sunfish, and the male green sunfish guards the nest.

The queen snake shown in the poster is a specialist in that it feeds pri-
marily on crayfish that have just shed their shells (soft cravirsg.factor
makes the queen snake venfidiflt to keep in captivity

In the small stream ecosystem, there is a close relationship between the
aquatic animals and those who live in the neaifgrian zone. Thiszone
is commonly defined as the area where the vegetation receives water from
the water table fed by the running waliére vegetation shades the water
and as the water is already cool, the air in the riparian zone is usually a few
degrees cooler than the surrounding landscHperefore, the riparian
zone is a unique micro habitat that is not found just a few hundred feet
away in the surrounding valley

Adivities:

Tug of Life activity from the Go FishIN manudlhe basic activity
associatea student withfish in their watershed, state or regidrhey
then associate those fish with specific habitats and n€kdee are several
extensions that may be attractive ttfetient aged students. One sug-
gested extension is to use computers to find information on specific fish
or to communicate with professiorféheries biologists about the fish

CreateAn Aquatic Food Chain. Play a game where students repre-
sent the diierent species of fiskfter the students have researched the
fish that are found in a river in their area, hand out cards for the various
fish found there. Each card represents from 5 (predator) to 100 (prey) indi-
viduals, so only one needs to survive for species survival. For each species,
you would want to have different sizes. Then a small bass would have to eat
only small prey and could be eaten by other predators. The larger predators
such as flathead catfish would be able to eat all prey species and most predators
except the very large ones (like large muskies). However, the large predators
should be limited to one or two prey fish per game.

12



By having several species of fish represented, students will visualiz
the interdependence of the various fiBhrough their research they shoul
know which are schooling fish and which are solitary predaidwesefore,
4 or 5 students would swim in a sch@winnows or shad) while preda-
tors (lagemouth bass, muskies or flathead catfish) would sndl@pen-
dently

The river can flow down an outside sidewalk or around the perim-
eter of the classroom. Predators can catch (tag) only one prey specim¢
a time, return them to a predetermined site (a tree outside, or a desk if
side), then they can continue feeding. Depending on the space you ha

allow 1 to 3 minutes for each feeding frenzy. Repeat the game with dift

ferent students playing the part of prey or predafdirthe end of the exer
cise, have the students graph the results to illustrate behavioral and sy
vival patterns.

For one extension, students could draw pictures of the fish they ref
sent to tape on their badknother would be to remove most of the preds
tors from the system to explain how prey species-pepulate.

A LITTLE PIECE OF REA/EN

From this authis perspective, there is nothing quite as exciting as ¢
ing to a new stream and discovering the wonders that live there. Each
tershed ders its unique life giving ingredient§.he combination of nutri-
ents and minerals in the soil makes that place special, and plants that
there are specialized to that environm&hierefore, an aquatic ecosysten
flowing from that locale exhibits a unique ecological personality

When two streams meet, it is somewhat like a school at dismissal:

there is a mixture of all living ingredientShere is potential for species
from each of the parts to find habitat in the resultant stream or to mo
upstream into the opposite streaks.the stream grows, all aspects

change includingradient and underwater structure. Because of the v

riety of niches, diierent aquatic species may live in the resultant stream

that may inhibit those from upstream throymledation or competition.
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This biological mixture occurs at every juncture of creeks, streams, and

rivers all the way through the st rivers. Howevethere may also be

a chemical or physical change that prevents some species from using the

resultant habitat.

Chemically, two streams in a given landscape would be very sim
in a natural world. However, with human use practices, it is possible
for one stream to have a differgti, dissolved oxygerevel, or

ilar

nutrient load from the other. The balance of pH is particularly important

as each species hasvandow of tolerance while we think of acidic
conditions killing fish, we must remember that alkaline conditions are
equally fatal. Dissolved oxygen levels can also limit certain species.
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Generally oxygen is not a factor in small streams as they are typically aerated
with water bubbling over a sequence dofleg. Howeverin areas where the
stream is sluggish and has an abundance of plant growth, DO levels could
drop when the plants decompose. Nutrients typically do not inhibit aquatic
animal species, but they do determine the plant species diversity that is the
basis of the food chain.

There are two primary physical characteristics to consider: temperature
and gradient. If a stream is spring fed, the temperature of the water is cool,
with the water having been deep urgteund. In the same landscape, two
joining streams would have similar temperatures. Howefvene stream
receives rundfwater from roads or parking lots, it could be considerably
warmer than another stream with a forested watershed. Fufibee
stream comes from a south-facing slope in the valley and the other origi-
nates on the north-facing slope, the water temperature from the two
streams could vary due to the angle of sunlight.

Gradient is measured in feet of drop per stream distance traveled.

With a constant input of watethe gradient determines the flow rate as
gravity pulls the water downhill. It is important to remember that streams
meanderor wander back and fortfiherefore, a stream may travel 2 to 3
miles in meanders while covering a straight liiltance of one mile.

This reduces the flow rate and natural erosion of the streambed.

One major human impact thatedts stream gradient and water tem-
perature ixhannelization Sreams are usually channelized to get the wa-
ter away from human development as quickly as possible. By digging a
straight channel and removing all vegetation, the water can cover the
straight line distance more raprdLet us take an example of a meande
ing stream that traveled 2 miles in one lateral mile, the gradient would be
doubled if the stream were channeliZétith increased gradient and a
constant source of watehe flow rate will increase, causing erosion in the
streambed and on the channelized banks that have no tree roots to hold the
soil. If the source of water is rainfall ruiothere will be periods of high
rate of flow with much greater erosion, and between rains, periods with
almost no flowThis creates a situation with high variation of water tem-
perature. During high flow rates, the water will be the temperature of the
rain, typically cool, and during low flow conditions, sunlight will warm
the wateras there is no shade from trees. Plants and animals that are intol-
erant to change usually disappear from channelized small streams, leaving
only those species that are highly adaptable to variable conditions.

14



DROUGHT AND FOOD EFFECTS

Drought afects small streams in several ways. First, direct funmin
rainfall is decreased. If the drought lasts several motitgroundwater
supply could be greatly reduced and springs may contriesseNater or
even dry up. Finallythe temperature of the water will increase and flow
rate will decreasdll of these efects will give aquatic plants more oppor
tunity to grow Animals that are intolerant to warm water or low-flow con
ditions may migrate to better conditions. If there are @mistowing
springs or deep holes in the system, a high density oivibsitdd be ex-
pectedThe deep hole could be a trap for smaller fish, howeslager
predators may be swimming upstream frongdarstreams to find refuge
from the drought conditions.

Floods have varying &fcts on small streams. Much depends on th¢
watershed and how dense the vegetation is near the stfdeseslare
stable in the watershed, the water may get much deayethe flow rate
and level of siltation should be within acceptable limitsnfmst inhabit-
ants. If vegetation has been removed, the flood event bewery in-
tense with high flow rates, siltation, and disturbance bftaafeatures
such as rocks.

The darter family is well adapted to the high water eveiitslarge
fins that allow them to maintain position in high flow rat®sher fish
would find refuge behind rocks or stable logs until the wageedes. In-
sect larvae can be dislodged as the water moves smallsrandkvashes
the insects downstreaifihis could mean a slight decrease in food for the
fish after the flood event.

AFINALNOTE

Fishery biologists have reported that small streams arevaérgble
during pollution events. Pollutants typicallyeadt the fish by either re-
moving oxygen from the water or blocking oxygen transfenéngills of
the fish.The biologists report finding reasonablydgarfish crowded into
very small feeder streams to escape the polluted sectiarger rivers to
get oxygenated watekfter the event is cleaned up or diluted enough to
allow the fish to return, the fish repopulate naturally from the small stre
to their former habitat.

1%

A\L*4

AMms

15




Activities
Determine the health status of your watershed. Talk to organizations like the
Board of Health and Indiana Department of Environmental Management. Have

the students determine if it is safe to eat fish from the watershed using Indiana'’s
Fish Consumption Advisory, these are available on line off our website.

Anothersuggestion is to have the students witness the fraasoon as

possible after a storm event. Have them see where the water is going and how it
will affect their individual livesWill they be able to play in the play-

ground, city park, or ball field®re there storm drains where it may be un-

safe for younger students to play after rain events? Do any students live

near the stream that receives the rtmaiter?Will people in the water

shed have flooded basemernifgére the dects more intense because the

water ran dfthe pavement and buildings?

tal g, Tl .'.__.-'\.___. i ___.-f -"‘-\._‘ ey
n a Wi D) \
GIOSSARY
* indicates quoted definition from Project WILD
Biodiversity
Species diversityThe number of species found. Normally when more

species are present, ecological systems are more stable based on interac-
tions between species.

Genetic diversityEach species needs variety within its gene pool to
provide protection against catastrophic loss due to disease or mutation.

Ecosystem diversitywithin each ecosystem there must be diversity
of habitat features to provide the needs for the species present.

Landscape diversityWide area diversity as demonstrated by a
watershed or mountain range. Each ecosystem within the landscape is
dependent upon the health of other aquatic or terrestrial systems. Many
species within individual ecosystems often travel to other systems for
certain life requirements.

Channelization-The act of changing the natural channel of a streambed.
Collectors-Animals in the aquatic environment that bring water into

their body and strain it to remove food particles.

Competition -* When two or more manisms have the potential for using
the same resource. May be mtar intra- specific. For true competition to
exist, the resource must be of limited quantity



GLOSSARY
* indicates quoted definition from Project WILD
Biodiversity
Species diversity -The number of species found. Normally when more

species are present, ecological systems are more stable based on interac-
tions between species.

Genetic diversity -Each species needs variety within its gene pool to
provide protection against catastrophic loss due to disease or mutation.

Ecosystem diversity -Within each ecosystem there must be diversity
of habitat features to provide the needs for the species present.

Landscape diversity -Wide area diversity as demonstrated by a
watershed or mountain range. Each ecosystem within the landscape is
dependent upon the health of other aquatic or terrestrial systems. Many
species within individual ecosystems often travel to other systems for
certain life requirements.

Channelization-The act of changing the natural channel of a streambed.
Collectors-Animals in the aquatic environment that bring water into
their body and strain it to remove food particles.

Competition -* When two or more @anisms have the potential for using
the same resource. May be mter intra- specific. For true competition to
exist, the resource must be of limited quantity

Dissolved Oxygen * Oxygen dissolved in wate Measured in parts per
million. Good dissolved oxygen in a stream would be 7-10gm@.air we
breathe is measured in % or parts per hundred.

Gradient -The vertical distance water drops over a given horizontal
distance.

Grazers-Animals that eat vegetation which is growing in their environ-
ment.

Meander -The tendency of moving water to flow back and forth across
the landscape.

Milt -Male fish reproductive material, another name for sperm.
Nutrient load -The amount of nutrients dissolved in the wate

Parasitic Nesting-The intentional act of placing eggs in the nest of
another species to allow that species to raise the young.

pH -A measure of the relationship of acid and base inrwate
Predation-The act of killing another animal for food.
Predators-Animals that kill and eat other animals.

Riparian Zone -That area next to a river where the plants primarily get
water from the ground being soaked by the river

Spawning-The act of reproduction in fish.

Watershed- The landmass that drains into a given aquatic system.
Window of tolerance-A parameter within which a given species can
exist. It could be a measurement of pH > 5.9 to 8,1<, dissolved oxygen
>4.5ppm, or temperature <83 degrees, for instance.
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